In this paper we consider a two-stage ordering problem with a buyer's minimum commitment quantity contract. Under the contract the buyer is required to give a minimum-commitment quantity. Then the manufacturer has the obligations to supply the minimum-commitment quantity and to provide a shortage compensation policy to the buyer. We formulate a dynamic optimization model to determine the manufacturer's two stage order quantities for maximizing the expected profit. The conditions for the existence of the optimal solution are defined. And we also develop a procedure to solve the problem. Numerical examples are given to illustrate the proposed solution procedure and sensitivity analyses are performed to find managerial insights.
Introduction
In this paper we study a two-stage component ordering problem with a buyer minimum-commitment quantity contract. Under the contract, the buyer is required to commit a minimum order quantity 1  and for returning the buyer's commitment the manufacturer has the obligations to supply the minimum-commit quantity 1 We assume that the outputs are mainly limited by the available amounts of the key component, and the production cycle times are very short that can be neglected. After receiving the key components, the manufacturer produces the products immediately. Products are delivered to the buyer at the end of period (immediately after second stage). Due to the demand uncertainty, the manufacturer is difficult to determine two stage order quantities.

In this paper we develop a two-stage dynamic optimization model to decide the order quantity of a key component under a buyer's minimum-commitment quantity contract. The model is formulated to maximize a manufacturer's profit. The following costs are considered in the model. 1) Key component unit cost: the unit cost of key component at stage 1 is and the unit cost at stage 2 is . 2) Holding cost: two kinds of inventories are considered. One is buyer responsible inventory, which only exists in the case of buyer's real demand (x) below the minimum guaranteed quantity 1 (1) c (2) C  . In this case, customers only take away real demand x, and the remaining products ( 1 x   ) are buyer responsible inventory The buyer's minimum commitment and demand forecast updating in this paper belong to the category of minimum purchase commitment contract [1] and inventory management with demand forecast updates respectively [2] . Durango-Cohen and Yano [3] pointed out that increasing the level of commitment and information sharing will lead to the cost down of entire supply chain. Nowadays minimum commitment quantity contracts are commonly used in electronic industry. Anupindi and Bassok [1] classified the contract of quantity commitments and flexibility as three types. The first type is the total minimum quantity commitment contract. The supply contract with total minimum quantity commitment is that a buyer gives his supplier a minimum ordering quantity commitment, and the supplier offers the buyer a discount price in return for the buyer's commitment [4] . The second type is the total minimum dollar volume commitment contract. This contract is similar to the total minimum quantity commitment contract, but a buyer commits to a minimum business on the basis of dollar volume [5] , and the supplier offers discounts based on the commitment of dollar volume. The third type is the periodical commitment with flexibility contract. Under such a contract, a buyer receives discounts for committing to purchase in advance, and the buyer is allowed to update his order amount in the rolling horizon basis. The rolling horizon flexibility (RHF) contract [6] [7] [8] is one kind of the third type. The RHF contract means the buyer has a "limited" flexibility to update his advance order after he commits to purchase certain quantity.
Gallego and Ozer [9] and Sethi et al. [2] classified the inventory information with demand updating problems as three types. The first type is the Bayesian analysis. This approach learns about further demand from the past history [10] . Dvoretzky et al. [11] first analyzed Bayesian models in the inventory problem. In this type, specific classes of demand distribution were discussed, such as exponential family of distribution [12] , gamma family [13, 14] , negative binomial distribution [15] , uniformPareto distribution [16] and normal distribution [17, 18] . The second type is time-series models used in updating demand forecast, where they assume a correlation exists in the demand realization and construct the demand as a time-series model [10, 19] . The third type is concerned with forecast revisions, such as Markovian forecast revisions model [20] [21] [22] , single-period, two-stage ordering problem with demand forecast updating [23] [24] [25] [26] and multiple period ordering problem with demand forecast updating [27, 28] . A more comprehensive discussion can be found in [2] .
Our study differs from the previous papers because we consider a shortage compensation policy for reducing demand uncertainty. Under the buyer's minimum-commitment quantity contract and shortage compensation policy, two kinds of inventory and shortage costs are respectively formulated in the two-stage dynamic optimization model to decide the optimal order quantities.
In this paper, we define the conditions for the existence of the optimal solution and also develop a procedure to determine the two-stage optimal order quantities. The rest of this paper is organized as follows: Section 2 states the assumptions and notations for the proposed model; the two-stage dynamic optimization model and the solution procedure are proposed. Section 2 illustrates some numerical examples, and sensitivity analyses of the major parameters of the model are performed. Finally, Section 4 concludes this article. 
Problem
] is the shortage compensation range. 
C : unit ordering cost of key component at stage 2 is a random variable, and the corresponding probability . 
Problem Assumptions and Formulation
The mathematical model is formulated to determine the two stage ordering quantities of the key component for maximizing profit. The buyer's real demand X is uncertain to be assumed following a normal distribution with an uncertain mean 0  and a given variance h e r w i s e .
Expected shortage cost can be combined as follows:
 depend on the domain of the total order quantity
To solve the DP problem we first provide the optimal decisions for stage 2 under a given state 2 
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Proof: See appendix B. Then we provide the optimal solution for stage 1. At stage 1, the profit functions
correspond to 1  and 2  respectively. Due to 2 and being uncertain, the sample space of is
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Proof: See appendix C. We will show and (1) 
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In next section we will demonstrate the proposed procedure with some given numerical examples and the sensitivity analysis.
Computational Study

Numerical Examples
Three examples are presented to demonstrate the proposed solution procedure. The relevant parameters are shown in Table 1 . The optimum 1 , 2 and the corresponding expected profit for each example are also shown in Table 1 . 
Sensitivity Analysis
2
 is an observation of Step 1: Randomly generate 
Step 4: optimal profit and optimal order quantity 1 q  can be derived as follows:
The relationships among optimal expected profit, shortage compensation range coefficient (  ), and buyer's minimum-commitment quantity ( 1  ) are shown in Table   1 with the related parameters given in the illustrating example. And the relationships among optimal expected profit, shortage compensation range coefficient (  ) and shortage compensation cost 1 s c , are shown in Table 2  and Table 3 .
In Table 2 we find that: 1) given 1  , we define the optimal expected profit turning point of decreasing as Copyright © 2011 SciRes. AJOR 2) The marginal optimal expected profit is increased as 1  increases. In Table 3 , Table 4 and Figure 3 with a given 1  we find that when Base on the above description, the management insights observed from Table 2 to Table 4 can be concluded as follows:
1) The more the buyer's minimum-commitment quantity 1  is, the more the expected profit of manufacturer is.
2) There are some ways to induce the buyer to increase the value of 1  : a) From Table 2 Table 2 to Table 4 to take buyer increasing the value of 1  .
The manufacturer can provide alternatives for the buyer as Table 5 to induce the buyer to increase the value of 1  . 
Conclusions
This paper proposes a two-stage dynamic optimization model for an ODM CMOS camera module manufacturer to determine its optimal order quantities to maximize optimal expected profit based on buyer's minimumcommitment quantity contract and shortage compensation policy. The manufacturer can update the distribution of buyer's demand by collecting the market information, and this situation is common and realistic for entrepreneurs in industry. In this paper, two kinds of inventories and shortage costs that are taken into consideration, the conditions for the two-stage optimal order quantities are derived, and the solution procedure is proposed. Numerical examples are to be illustrated and some management insights are provided. The upper bound of   that can improve expected profit of the manufacturer. It would be of interest to extend the model to allow for the manufacturer having third or above order opportunity before the buyer's real demand occurred.
